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@ A radio connection system capable of en- 
hancing a connection ratio without resorting to 
complicated control and, therefore, desirably 
applicable to dynamic channel assignment A 
base station reports a radio frequency to a 
mobile unit sent a connection request and then 
awaits in a state wherein it can receive an 
answer from the mobile unit in any slot timing at 
the reported radio frequency. The mobile unit 
detects a time slot which it can use and returns 
an answer to tiie base station in ttiat time slot 
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BACKGROUND OF THE INVENTION 

The present invention relates to a radio connec- 
tion system for connecting a base station and a mo- 
bile unit included in a digital mobile communication 
system using TO MA (Time Division Multiple Access) 
conununication channels and, more particularly, to a 
radio connection system feasible for dynamic channel 
assignment 

A digital mobile communication system using 
TDMA communication channels, e.g., a radio tele- 
phone system has a plurality of base stations and a 
plurality of mobile units connectable to the base sta- 
tions over radio channels. In each radio zone, the 
TDMA channels may be implemented as two TDMA 
channels each having a particular frequency, i.e., an 
up-going channel and a down-going channel. Alterna- 
tively, a single TDMA channel may have the frame 
thereof divided into an up-going channel and a down- 
going channel each having a plurality of time slots. 
This kind of channel configuration is generally refer- 
red to as a Ping- Pong type configuration. Further, to 
enhance the efficient use of frequencies in such two 
conventional implementations, nearby radio zones 
may share a single radio firequency while using par- 
ticular time slots each. 

It has been customary with a mobile communica- 
tion system to connect a base station and a mobile 
unit by the following procedure. On receiving a con- 
nection request from a mobile unit, a base station in- 
forms the mobile unit of, among time slots which it 
does not use, a time slot determined to unoccupied by 
carriersensing and a radio firequency assigned there- 
to. Then, the base station awaits an answer from the 
mobile unit in the unoccupied time slot The mobile 
unit determines whether or not the reported time slot 
is unoccupied by carrier sensing and, if it is unoccu- 
pied, returns an answer to the base station In that 
time slot Why the mobile unit also executes such a 
decision is that an Interference wave or a jamming 
wave is likely to effect the mobile unit although it may 
be negligible at the location of the base station. When 
the nnobile unit determines that the reported time slot 
is occupied, the base station does not receive an an- 
swer before a predetermined period of time elapses. 
To increase the connection ratio, it is a common prac- 
tice with the base station to report the mobile unit of 
a plurality of usable candidate time slots beforehand 
or to select another usable time slot on the elapse of 
the predetermined period of time and reports it to the 
mobile unit 

However, the problem with the conventional ap- 
proaches for a higher connection ratio is that compli- 
cated sequence control with strict timings is needed. 
Therefore, both the base unit and the mobile unit are 
complicated in control. 

Assume the system wherein nearby radio zones 
share the same radio frequency and use respective 



time slots In order to enhance eff k:ient use of frequen- 
cies. Then, the probability that the time slot deter- 
mined to be unoccupied by the base unit Is deter- 
mined to be occupied by the mobile unit when it is oc- 

5 cupied by the adjoining radio zone increases. This 
rather lowers the connection ratio while simply in- 
creasing the frequency of the above-stated compln 
cated sequence. 

The Ping-Pong type system using the same fre- 

10 quency band for transmission and reception has the 
following drawback. Assume that nr>obile units conrv 
municating with respective base stations at adjoining 
radio frequencies approach each other. Then, If the 
base stattons are not synchronous in frame to each 

15 other, a leakage of the electric wave being sent from 
one mobie unit interferes with the communication of 
the other mobile unit At this instant, the level of the 
leakage is extremely low. Hence, when a time slot is 
to be reported from some base station to one mobile 

20 unit the leakage is not received by the base station 
despite that another mobile unit communicating with 
an adjoining base station exists near the above- 
mentioned unit, again lowering the connection ratio. 
The channels to be used by base stations have 

25 customarily been fixedly assigned. Today, a dynamic 
channel assignment system is under study which 
changes the firequency every time connection is set 
up. as needed. The prerequisite with such dynamic 
channel assignment is that the control over radio con- 

30 nection be simple. 

SUMMARY OF THE INVENTION 

It is therefore an object of the present invention 

35 to provide a radio connection system which enhances 
the connection ratio without resorting to complicated 
control and is. therefore, desirably applicable to dy- 
namic channel assignment 

In accordance with the present invention, in a ra- 

40 dio connectton system for a mobile communication 
system comprising a plurality of base stations and a 
plurality of mobile units connectable to the base sta- 
tions over TDMA communication channels, the radk) 
base stations each reports only a radio frequency to 

45 one of the mobile units sent a connectton request to 
the base station, awaits an answer from the mobile 
unit at the radio frequency, and assigns a time slot oc- 
curring when the answer is received as a communl- 
catton channel. The mobile unit receives an electric 

50 wave of the radio frequency over at least one TDMA 
frame to find unoccupied time slots and sends the an- 
swer to the base statton In one of the unoccupied time 
slots. 

Also, in accordance with the present invention, in 
55 a radio connection system for a mobile communica- 
tion system comprising a plurality of base stations 
and a plurality of mobile units connectable to the base 
stations over TDMA communication paths, the radio 
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base stations each reports a radio frequency and an 
unoccupied time slot at that radio frequency to one of 
the mobile units sent a connection request to the 
base station, awaits an answer from the mobile unit 
at the rad io frequency, and assigns a time slot occur- s 
ring when the answer is received as a communication 
channel. The mobile station determines, on receiving 
an electric wave of the radio frequency, whether or 
not the time slot reported is unoccupied, sends, if the 
time slot reported is unoccupied, the answer to the io 
base station in the time slot reported or, if the time 
slot reported is occupied, receives the electric wave 
over at least one TDMA frame to find unoccupied time 
slots and sends the answer to the base station in one 
of the unoccupied time slots. 15 

Further, in accordance with the present inven- 
tion, in a radio connection system for a mobile conv 
munication system comprising a plurality of base sta- 
tions and a plurality of mobile units connectable to the 
base stations over TDMA communication channels, 20 
the TDMA communication channels each being as- 
signed to respective one of the base stations is div- 
ided into an up-going and a down-going channel each 
having a plurality of time slots. The base stations each 
reports only a radio frequency to one of the mobile 25 
units sent a connection request to the base station, 
awaits an answer from the mobile unit at that radio 
frequency, and assigns a time slot occurring when 
the answer Is received as a communication channel. 
The mobile unit detects, when detecting unoccupied 30 
time slots after reception of an electric wave of the ra- 
dio frequency, time slots without a signal on both of 
the up-going and down-going channels, and trans- 
mits the answer to the base station in the time slots. 

Moreover, in accordance with the present inven- 35 
tion, in a radio connection system for a mobile conv 
munication systerft comprising a plurality of base sta- 
tions and a plurality of mobile units connectable to the 
base stations over TDMA communication channels, 
the TDMA communication channels each being as- 40 
signed to respective one of the base stations is div- 
ided into an up-going and a down-going channel each 
having a plurality of time slots. The base stations each 
reports a radio frequency and an unoccupied time slot 
at the radio frequency to one of the mobile units sent 45 
a connection request to the base station, awaits an 
answer from the nrrabile unit at the radio frequency, 
and assigns a time slot occurring when the answer is 
received as a communication channel. The mobile 
unit detects, when detecting unoccupied time slots af- so 
ter reception of an electric wave of the radio frequen- 
cy, time slots without a signal on both of the up-going 
and down-going channels, and transmits the answer 
to the base station in the time slots. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects, features and ad- 



vantages of the present invention will become more 
apparentfrom the following detailed description taken 
with the accompanying drawings in which: 

FIG. 1 is a block diagram schematically showing 
a radio telephone system which is a specific form 
of a mobile communication system and with 
which the present invention is applicable; 
FIGS. 2A and 2B shows a specific format of a 
TDMA frame particular to a two channel system 
effecting transmission and reception at different 
frequencies; 

FIG. 3 shom another specific format of a TDMA 
frame available with a Ping- Pong system; 
FIG. 4 shows a specific positional relation of base 
stations and mobile stations located in two radio 
zones which are separated by a screen; 
FIGS. 5A and SB show slot timings of the base 
stations assuming the two channel system and 
the two radio zones of FIG. 4; and 
FIGS 6Aand 6B show slot timings of the base sta- 
tions assuming the Ping-Pong type system and 
the two radio zones of FIG. 4. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1 of the drawings, a radk> tele- 
phone system belonging to a family of mobile commu- 
nication systems and with which the present inven- 
tion is practicable is shown. As shown, the system in- 
cludes an exchange 10 connected to a switched tel- 
ephone network by wired telephone lines. A plurality 
of base stations 11,12 and 1 3 are each connected to 
the exchange 10 by a line. A plurality of mobile units, 
or telephone terminals, 21-27 are connectable to the 
base stations 11-13 over a plurality of TDMA chan- 
nels. Specifically, a particular radio frequency is as- 
signed to each of the base stations 11-13. 

A specific TDMA channel configuration is shown 
in FIGS. 2A and 2B. This specific configuration uses 
two channels each having a particular frequency, i.e., 
a down-going channel (FIG. 2A) and an up-going 
channel (FIG. 2B). In the up-going and down-going 
channels, each frame has four consecutive time slots 
1-4. One mobile unit communicates with one base 
station by using, among the time slots 1-4 of the up- 
going and down-going channels, the time slots of the 
same numt)er. Therefore, four mobSe units are con- 
nectable to one base station by use of the two radio 
frequencies, one for transmission and the other for re- 
ception. 

Another specific TDMA channel configuration is 
shown in FIG. 3. As shown, one frame is constituted 
by an up-going and a down-going channel each hav- 
ing a plurality of time slots. This kind of channel con- 
figuration is the previously stated Ping-Pong type and 
causes transmission and reception to occur at the 
same frequency. The up-going and down-going chan- 
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nels have respectively time siots RX1-RX4 and time 
slots 7X1-TX4, as in the configuration of FIGS. 2A 
and 2B. Base stations send data by using the time 
slots TX1-TX4 while mobile units send data by using 
the time slots RX1-RX4. The time slots TX1-TX4 cor- 
respond to the time slots RX1-RX4, respectively. 
Since each mobile unit uses, among the time slots 
X1-TX4 and RX1 -RX4, those designated by the same 
number, four mobile units are connectable to one 
base station by using a single radio frequency. 

A reference will be made to FIGS. 4. 5A. 5B. SA 
and 6B for describing a radio connection system em- 
bodying the pre sent invention. 

As shown in FIG. 4. assume that base stations A 
and B are located on opposite sides of a screen 41 
and have channels of the same radio frequency 
(frame configuration shown in FIGS. 2A and 2B or 
FIG. Z), Further, assume that the base stations A and 
B and mobile units a and b are held in the following 
specific situation. The base station B and mobile unit 
b are connected and communicating with each other 
while the base station A and mobile unit a are in a 
standby state. Due to the screen 41, the the base sta- 
tion A can barely receive electric waves from the base 
station B and mobile unit /).at such a level that it would 
determine that a slot is unoccupied by carrier sens- 
ing. On the other hand, despite that the mobile unit a 
is located in the connection area with the base station 
A, it can sufficiently receive electric waves from the 
base station B and mobile unit b at such a level that 
it determines that a slot is occupied by carrier sens- 
ing. Control over radio connection will be described 
with reference to FIG. 4 hereinafter. 

To begin with, assume that the radio telephone 
system is implemented with the two channel config- 
uration shown in FIGS. 2Aand 2B. FIGS. 5Aand 5B 
each shows one of the two channels. As shown, the 
base stations A and B are not synchronized in frame, 
i.e., their slot timings are deviated from each other. 
Let the base station B and mobOe unit b be connected 
at the time slot 2 of the slot timings shown in FIG. 5B. 
On receiving a connection request from the mobile 
unit a. the base station Acontrols the connection with 
either of the following procedures (1) and (2). 

(1) The base station A Informs the mobile unit a 
of only the radio frequency and then awaits an 
answer from the mobile unit a. The mobile unit a 
receives an electric wave of the informed fre- 
quency wh9e determining whether or not a signal 
is present over, for example, one frame at each 
slot timing. The mobile unit a can sufficiently re- 
ceive electric waves firom the base station B and 
mobile unit b, as describe with reference to FIG. 
4. Hence, the ax)bile unit a determines that the 
slots 2 and 3 shown in FIG. SAare occupied as a 
result of carrier sensing, sending an answer to 
the base station A in the slot 1 or 4. On receiving 
the answer, the base station A sets the slot 1 or 



4 as a communication channel. 
(2) The base station A informs the nrrabile station 
a not only of the radio frequency but also of a time 
slot which it determined unoccupied, and then 
5 awaits an answer from the mobile unit a. At this 

instant, the base station A cannot receive electric 
waves from tbe base station and mobile unit b at 
a sufficiently high level and, therefore, cannot 
perform carrier sensing, as also described earl'h 
10 er Hence, itmay occurthatthebasestation Ade- 
termines thatthe slot2 or3 is unoccupied and re- 
ports It to the mobile unit a. On receiving the radio 
frequency, the mobile unit a performs carrier 
sensing at the reported slot timing In one frame 
IS to see If the slot of Interest Is unoccupied. If the 
reported slot is the slot 1 or 4, the mobile unit a 
determines that it is unoccupied since it does not 
sense a carri^ at such a slot timing. As a result, 
the mobile unit a returns an answer to the base 
20 station A in the unoccupied slot On the other 

hand, assuming that the reported slot is the slot 
2 or 3, the nrrabile unit a cannot see if it is unoc- 
cupied for the above-stated reason and, there- 
fore, checks each slot of one firante by carrier 
25 sensing to find the unoccupied slot 1 or 4. Then, 
the mobile unit a returns an answer in the slot 1 
or 4, as in the previous procedure (1). Since the 
base station A is ready to receh^e an answer in 
any one of the time slots, ft receives the answer 
30 from the mobile unit a and sets the slot 1 or 4 as 
a communication channel. 
Hereinafter will be described connection control 
implemented with the Ping -Pong system shown in 
FIG. 3. FIGS. 6A and 6B show the slot timings of the 
35 base stations A and B. respectively. Again, the base 
stations A and B are not synchronous in frame, I.e.. 
their slot timings are deviated from each other. As- 
sume that the base station B and mobile unit b are 
connected by the up-going slot RX2 and down-going 
40 slot TX2 shown in FIG. 6B. On receiving a connection 
request from the mobile unit a, the base unit A con- 
trols the connection by reporting only the radio fre- 
quency or reporting both the radio frequency and the 
time slot to the mobile unit a. Since the previously de- 
45 scribed procedure (2) also applies to the control 
wherein both the radio frequency and the time slot 
are reported, the following description will concen- 
trate on the control wherein only the radio frequency 
Is reported. 

50 Specifically, the base station A reports only the 
radio frequency to the mobile unit a and awaits an an- 
swer from the mobfle unit a at such a frequency. The 
mobile unit a receives an electricwave of the reported 
radio frequency while determining whether or not a 

55 signal is present over, for example, one frame at each 
slot timing. The mobile unit a can sufficiently receive 
electric waves from the base station B and mobile unit 
6, as describe with reference to FIG. 4. Therefore, the 
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mobile unit b determines that the down-going slots 
TX3 and 4 of FIG. 6Aara occupied on the basis of the 
electric wave firom the base station B, and that the up- 
going slots RX3 and RX4 are occupied on the basis 
of the electric wave from the mobile unit 6. As a result, s 
the mobile unit a sends an answer to the base station 
A in the up-going slot RX1 or RX2 of FIG. 6A. The 
base station A is ready to receive an answer in any 
one of the time slots and, therefore, receives the an- 
swer from the mobile unit a and sets the slots RX1 io 
and TX1 or RX2 and TX2 associated with the answer 
as a communication path. Assume that the mobile 
unit a cannot receive an electric wave from the base 
station B, but it can receive an elecbic wave from the 
mobile unit b. Then, the mobOe unit a determines that is 
the down-going slots TX3 and TX4 of FIG. 6A are un- 
occupied and that the up-going slots RX3 and RX4 
are occupied. As a result, the mobile unit a returns an 
answer to the base station A in the slot RX1 or RX2, 
as in the above-stated condition. 20 

In summary, in accordance with the present in- 
vention, a base station is ready to receive an answer 
from a mobile unit in any time slot at a radio frequency 
which the former reported to the latter. The mobile 
unit receives an elecbic wave of the reported radio 25 
frequency over at least one TDMA frame to find un- 
occupied time slots, and then returns an answer to 
the base station in one of the unoccupied time slots. 
On tbe other hand, when the base station reports a 
time slot in addition to the radio frequency, the mobile 30 
unit determines whether or not the reported time slot 
is unoccupied beforehand and returns an answer in 
the reported time slot if it is unoccupied or in any one 
of the above-mentioned unoccupied time slots if 
otherwise. On receiving the answer, the base station 35 
sets the unoccupied time slot as a communication 
channel for communicating with the mobile unit 

When use is made of the Ping-Pong type TDMA 
communication channel configuration, the mobile 
unit detects, on receiving an elecbic wave of the re- 40 
ported radio frequency, an unoccupied time slot in 
both of up-going and down-going channels and re- 
hjrns an answer to the base station in the unoccupied 
time slots. 

With the above system configuration, the pres- 45 
ent invention enhances the connection ratio since it 
does not need a complicated sequence control partic- 
ular to a conventional system which sets up connec- 
tion in a time slot determined to be unoccupied by a 
base station. Moreover, even when the base station so 
is not synchronized in frame with other bases sta- 
tions, the mobile unit selects a time slot other than 
those occupied by other base stations. This is suc- 
cessful in reducing the probability of interference, es- 
pecially in the Ping-Pong type system. 55 

Various modifications will become possible for 
those skilled in the art after receiving the teachings 
of the present disclosure without departing from the 



scope thereof. 



Claims 

1 . In a radio connection system for a mobile commu- 
nication system comprising a plurality of base 
stations and a plurality of mobile units connect- 
able to said base stations over TDMA (Time Divh 
sion Multiple Access) communication channels, 
said radio base stations each reports only a radb 
frequency to one of said mobile units sent a con- 
nection request to the base station, awaits an an- 
swer from the nnoblle unit at said radb frequency, 
and assigns a time slot ocojrring when said an- 
swer is received as a communication channel, 
while said mobile unit receives an electric wave 
of said radio frequency over at least one TDMA 
frame to find unoccupied time slots and sends 
said answer to said base station In one of said un- 
occupied time slots. 

2. In a radio connection system for a mobile commu- 
nication system comprising a plurality of base 
stations and a plurality of mobile units connect- 
able to said base stations over TDMA communi- 
cation paths, said radio base stations each re- 
ports a radio frequency and an unoccupied time 
slot at said radio frequency to one of said mobile 
units sent a connection request to the base sta- 
tion, awaits an answer from the mobile unit at said 
radio frequency, and assigns a time slot occur- 
ring when said answer is received as a commu- 
nication channel, while said mobile station deter- 
mines, on receiving an elecbic wave of said radio 
frequency, whether or not said time slot reported 
is unoccupied, sends, if said time slot reported is 
unoccupied, said answer to said base station in 
said time slot reported or. if said time slot report- 
ed is occupied, receives said electric wave over 
at least one TDMA frame to find unoccupied time 
slots and sends said answer to said base station 
in one of said unoccupied time slots. 

3. In a radio connection system for a nrwbile commu- 
nication system comprising a plurality of base 
stations and a plurality of mobile units connect- 
able to said base stations over TDMA communi- 
cation channels, said TDMA communication 
channels each being assigned to respective one 
of said base stations is divided into an up-going 
and a down-going channel each having a plurality 
of time slots, said base stations each reports only 
a radio frequency to one of said mobile units sent 
a connection request to the base station, awaits 
an answer from the mobile unit at said radio fre- 
quency, and assigns a time slot occurring when 
said answer is received as a communication 



9 



EP 0 539 220 A1 



channel, and said mobile unit detects, when de- 
tecting uncxxupied time slots after reception of 
an electric wave of said radio frequency, time 
slots without a signal on both of said up-going 
and down-going channels, and transmit said an- 5 
swer to said base station in said time slots. 

4. In a radio connection system for a mobile commu- 
nication system comprising a plurality of base 
stations and a plurality of mobile unite connect- io 
able to said base stations over TDMA communi- 
cation channels, said TDMA communication 
channels each being assigned to respective one 
of said base stations is divided Into an up-going 
and a down-going channel each having a plurality is 
of time slots, said base stations each reports a ra- 
dio frequency and an unoccupied time slot at said 
radio frequency to one of said mobile units sent a 
connection request to the base station, awaits an 
answer from the nfK>bile unit at said radio frequen- 20 
cy, and assigns a time slot occurring when said 
answer is received as a communication channel, 
and said mobile unit detects, when detecting un- 
occupied time slots after reception of an electric 
wave of said radio frequency, time slots without 25 
a signal on both of said up-going and down-going 
channels, and transmits said answer to said base 
station in said time slots. 
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